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aust OF A MECHANICAL FILTER. 
By Epmunp B. Weston, Am. Soe. 
PRESENTED NOVEMBER Ist, 1899. 
WITH DISCUSSION. - 


of this paper is to 0 deseribe | briefly the results of a three-— 


months’ test of a mechanical filter, which has recently installed 

for the East Providence Water Company, at East Providence, ms. 

ia ‘The New York Filter Manufacturing Company, of New York City, - 

"furnished the filter, which is of a type known as the Jewell Gravity 


‘The entire work, including the filter house and pure- water well, 
shown on Plate IV, Figs. 1 and was designed and built under 


- the direction of the w riter, who acted as as Consulting Engineer for the b 
New York Filter Manufacturing Company. 


The average daily quantity of water to its by 


=. the East Providence Water Comp any, at the present time, is about 
200 000 galls. - The “available daily capacity of the filter is 500 000 


- galls., and the rate of filtration 125 000 000 galls. . per acre per 4 


hours Th The filter house, » pure- water well and pipes are arranged for 


a future addition of three more filters of the same design and capacity, 7A 

when demanded by the requirements of the service. 1. 
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was run the test u 


and the filtered water was pumped into maine 
and supplied to the consumers. ‘The: filter was in charge, under the E 


writer's direction, of the regular pumping engineer of the East Poon a 
dence Water Co mpany. ea writer gure directions from time to time, 


but did not, ;, on. the average, visit the filter plant more than one ce = - 


The ‘chemical, analyses were > made by Professor John “Howard 


byl Dr. T. Swarts, of the State Board of Health of 
Island, who also the color and of 


a The compiles. of water for analysis were collected by the pumping — 


» engineer at about 8 o’clock in the ‘morning, the filter-bed generally 


4 th a report, dated March 12th, 1894, experiments 


7 ye filters, made under the writer’s direction, in Prov idence, 


from February, to January, 1894, inclusive, the writer's 
 % conclusions are given to al — that water can be as satis- 


factorily purified by first- class mechanical filtration as by slow sand 


* Since this report was published, elaborate investigations, made — 


with mechanical filters, at Louisville, Pittsburg and Cincinnati, with a 


_ waters widely ¢ diferent from the water supply of ‘Providence, have 
practically substantiated the writer's conclusions, as “given in the 


_ Providence report. be would seem, therefore, that after taking nil 


"consideration the additional results given this paper, 

whieh were obtained with a » filter | absolutely in practic cal service, as 

th though t there could no longer be any reasonable doubt, if such | may 


oh have existed, in regard to the practicability s and iden of mechani- 


» cal filtration, a1 and that henceforth, in the broad field of water purifica-_ My 
‘a tion, mechanical filtration can be looked upon as being equally as 


desirable as slow sand filtration. 


a. The chemical used during the test was sulphate of alumina, which © ; = 


4 was added to ther raw v water in form of solution, 
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of filtered water. The solution was always thoroughly mixed before __ 
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TEST OF A MECHANICAL FILTER. 
HES 


The theory « of mechanical cal filtration, when sulphate o: of alumina has — 

< been added to the filtered water, may be described briefly as follows: B 
‘The alumina causes an artificial p precipitation; a portion n of the. alumina — 
is decom posed, , forming sulphates of other bases and a flocculent pre- 
cipitate of aluminic hydrate. = portion n of it also combines directly 
with the organic matter in the ) water, ‘coagulating the same and thus 
to increase the “precipitation. The degree of color of the 
water is ‘also largely reduced by the uniting , of the precipitated alumi- 
nic hydrate with the coloring matte er in the water. 


filter v was first pat in service om 26th, 1899, and it 


as SOON as a grade 


‘sulphate o could be pe purchased in “Providence a at 


time, and the percentage of Al, O31 which it contained wasnotknown., 


The sulphate of alumina used the test and ‘Special experi- 
ments, contained about 22 of Aly 


with th the exception th that during 


one special ‘experiment: an inferior and | cheaper grade containing 
about 17.58% of Al, O, was used. 


e e sulphate of slumine: was added ‘to the r raw water at the rate of — 


grain ‘gallon, with the ‘exception that in three special “experi- 


vs and grain per gallon were used. _ 
ak Tables Nos. 1, 2, 3 and 4 Give: all the he semis obtained during the — 


test, with the « exception | of those o of the sp special experiments, \ which are- 


given in in Table No. 5. 


m4 As can be seen by Tables Nos. 2, 3 and 4, the investigations rela- — 


tive to the chemical constituents and the whe and alkalinity of the 


It is the intention to to. continue the wren analys ses, at least — 
until June 30th, 1899, and Table No. 1g giv ves all the results which have 7 
been obtained in time to be made use of in this paper, with the excep- _ 


view of the e, whicl “dl 


j ont to ret pumping s station of 


at “ Hunt’ s Mills.” Ont right the plate can be 
c small portion of of one end of the | i i 
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- for driving the - agitator and wash pump is furnished by a turbine 


wheel located in the basement of the pumping station, and is. 


mitted to the filter house as shown on the plate. ee 


Fig. 2, Plate IV, is a sectional elevation through the ‘ies, filter 


house and | pure-water well. | The filter a and auxiliaries comprise a sedi- 


_ mentation bas basin, a crushed quartz filter-bed having an area of about a 
- 4 176 sq. ft., a pump for adding the coagulant to the raw water, an auto- *s 


matic cor controller | connected to the main ‘discharge } pipe of the filter for 


maintaining a constant rate of filtration, a end tor 


g tation basin, and screens connected to collecting pipes at the bottom of 
s the filter- bed. _ The raw water, to which the sulphate ae alumina has 

been added, enters the sedimentation basin through the valve on the 


sup ply ‘pipe a at A, and is deflected by ae curved casting in in such 


q 


manner that it is caused to circulate around the basin. The 
water rises from the sedimentation basin through the central p pipe . 
shown in Fig. | 2, Plate IV, to the ‘required height a above the 
bed. ‘The water passes downward and outward through h the filter. bed, 
screens and collecting } pipes to the main discharge pipe e and control- q 
ler, during the process of filtration, and inws ard and upward through 
- the collecting pipes, screens and filter- bed , when the filter- bed o 


being washed. Thes reens prevent the ‘quartz or any foreign sub- 


cre 
stances from enterin ng the collecting pipes and passing off with the fil- — | 


‘The depth of the crushed quartz filter- bed i is s abou t 3.67 ft. 


; 8 sedimentation b: basin hen a capacity equal toa flow of about 17 minutes 7 


the filter is being at the normal sate of 125 | 000 000 


q 


y a galls. per acre per 24 hours. 


The coa gulant pump is made of v uleanized rubber, and consists a’ 


six hollow sont radiating from a chambered hub, and bent in the : 
dir direction of rotation. iI It is actuated by a ‘propeller, | situated in = 7 


main supply pipe, by the aid of an “upright shaft and | bevel gears. 


The p pump gives excellent satisfaction, and its displacement is 


‘The automatic controller of a new and original design, and is a a 


decided s1 success. A careful test of the controller wa was ‘made when it 


was first pat in uptine the flow of water being gauged securing, 
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and it was found, during a five-ho 
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3 ation i in the rate of filtration between the commencement and the end © 
the run was ‘less than one- o-half of 1 per cent. 


_ The manner in which the filter is operated is as_ follows: At the end — 
f a Tun, or immediately before ‘starting the filter, the filter-bed is 
washed thoroughly by ; forcing u up \p through | the screens and filter- -bed a a 


reverse flow of filtered water under pressure, the mechanical rake or 
agitator being at the same time, w hich adds to 


the efficient cleansing of the filter-bed. The water is forced 


through the | bed and the agitator is “kept i in motion until the water — 


r flowing from the ov verllow drain pipe ‘is as clear as it was before being " 
“used for washing the filt ter. The necessary valv es are then. operated, 
ie and the unfiltered water, to which the sulphate of alumina is being © 
is turned on the | filter. The sedimentation basin is vashed 


by allowing the wash water at the top of the filter-bed to 


into the basin through the central pipe shown i ‘Fig. Plate 
y 
_Y, and thence out through ¢ a waste pipe eat the bottom. of the basin, 
The agitator | shaft runs through the central pipe an and | carries at its 
lower end a curved As the agitator shaft is 


a 


a nozzle is given a circular motion, and the 1 rapid current of water 


passing through it is thrown to all parts of the sedimentation basin 
and stirs up and | flushes out accumulated }sodiment. ‘The sedimen- 


tation basin is also provided with a manhole. 
The a averages of the results | of ‘Tables Ne Nos. 1, 2 and 3 show that by a 


~ 


the process of filtration there was: 


6% ees total solids i in the filtered water; 
1 less chlorine in the filtered water; 


61 less ferric oxide in the filtered water; 
8% less aluminic oxide i in the filtered wa water; 7 
29 % less free ammonia in the filtered water; 7 ; 
63 % less albuminoid ammonia in the Meet: water; 
83 less color i in filtered water; 


increase of hardness i in the filtered water. 


‘Table No. 4 shows hat in every instance the was 


consequently, that the rat raw water was 
per gallon of 
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‘Special attention is also called to the fact that Table No. 1 shows q 

9 that the | average number of bacteria per cubic centimeter found in the 


samples of of filtered water is less 5, and that the above 


TABLE No. 7 “ANALYSES OF BY 


obteined during tx the time that 1 of sulphate “a 
alumina per gallon was used. £ yh 


of f filtration, 125 000 000 galls. per acre per 2 24 hours. hours. 


BACTERIA PER BACTERIA PER 


ion. 
Filtered 
Water. 
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- Special experiments were made from March 20th to goth, from May 1st to 6th and 4 
__ ‘The bacteria in the different samples were cultivated during periods of from five to 


The results of the special | experiments men ntioned | are shown in 


“Table No. 5. 


= 

4 > sulphate of alumina 

— _ Taw water pelore tne | 

— 

— 

= 

— 

: Mar. 18........| 26) 

1 “ 18 | “« 12 466 

Apr. 

“ 

— 


As may b be noticed, the percentage less oft from m May 1st to to 


6th, when 3 of a grain of ‘sulphate of alumina per gallon was used, i is — 
considerably less than it was from March 20th to 25th, when the same a 
: quantity of sulphate of alumina was being used. The ) difference m may | be a 


for partially by the fact that the average number of bacteria b 


TABLE No. 2.— OF SAMPLES, BY PROFESSOR Joux 


‘obtained ‘during: time time that 1 grain of of sulphate of 


Rate of filtration, 125 000 000 acre per 24 hours. 


~The ‘numbers express arts b wel ht) in one million arts of 


ammonia. 


nitrites. 


~oxide. 
N as free 


Nas 
albuminoid 


Nas 


Ferric oxide. 
LS 

Aluminic 

ammonia. 


SRERKSS 
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FILTERED W 


one 


6.1 | 0.82 | 0.53 | 0,08 | 0.11 
AVERAGE PERCENTAGE, MORE OR LESS, IN THE FILTERED WATER. 
| 6% — +| 


in the raw water was nearly five times as large from — 20th to 


25th, , when the more favorable results were ol obtained, than it was ras during = 


the period a less favorable results, from a May Ist to 6th; 3 but mt the 
_ Principal cause is due to the ‘sample of filtered water of May - 4th hay-— 


_ ing contained a larger number of bacteria than was found in any 


— - g 
— N TEST OF A MECHANICAL FILTER. 
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Apr. 6.......) 89.0 | 16.0 48 
9 | 2.0 | 6.1 | 1 0. 
0.86 | 0.04 0.29 0.67 — 
$9.6 | 19.0 iii 
May 47-2 | 28.0 50 
— 
— 
7 


16 WESTON on TEST OF A MECHANICAL 1 FILTER. 


- sample during the test, viz., 61, and as the sample of raw water of this 


— date contained but 298, the percentage of reduction was only 78.89 ; 
which, being averaged up with the percent : 
brought down the e of the om May Ist to 6th 
y 


‘The res results given in ‘Tables Nos. 1,2 2,3 and 4, are remarkably 


the bacterial reductions ¢ are shown to be below 98%, it may be well to BS 


_ satisfactory; b but on account bof several instances in Table N No. 4 when 


_ state that the filter has been working at a disadvantage for a compari- a 
i son by percentages, on account of the small number of bacteria inthe 


of filtration, 125 000000 galls. per acre per twenty- 


Raw |Filtered| age of 
water. color re- 
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able No. 1, the average number of pect 


- found in the filtered water is less than 5 per cubic centimeter, which — 
isa remarkably small. ‘number (the average number found in the 
effluent of the filter of the Lawrence water-works during March March an and 


April, 1898, being 2 28). ‘Therefore, if the results given in Table N No. 1 


pot 
if 
— | @ 
— 
— i 
| 
— 
— 
— Haw (Filtered || nate, 
— water. || Date. ter.| water.|| Vate- |y 
> vate. | water.| water. water. 
Mar. 18) 0,30 | 0:10 || 19) 
— ‘fiter-bed o10 || gel. by 
A r. @ | 0 0 +“ 22; 0.70; 0.10 
— | 0:10 | 26) 0.60) 
— 
Average| 0.58) 0.10 | 88.0 
— 
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‘TABLE No. 4, — ALKALINITY oF SAMPLES. Deane BY Dr. 


4 
29 


Results obtained auies the time that 1 grain of sulphate of 


‘alumina per gallon was | used. 
“Rate of filtration, 125 0 000 000 | per per hours. ‘The 


- alkalinity is expressed as as calcium carbonate i in ‘parts p per 1000000. 
i 
Raw | Filtered Date. Filtered Date. 


Date. x 


Mar. | oF 
lized 


water. water. water. 


DAIWA 


a 


CO CO CO CO CO CO 


. 
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ESULTS OF SPECIAL EXPERIMENTS. 

hate of Nomper or BACTERIA. Percentage Percentage 
‘Dat alumina lens Bacteria | lees color in 
used. in filtered | filtered than 

Grains per than in raw raw 


ef 


Al, 


have that some species of bacteria will multiply 


- even i in distilled water that has been sterilized; and it is 3 quite possible — 
‘that, should sterilized water be applied to the filter instead of the raw 


a 
water, a few bacteria might be found in the effluent a: as it t flowed from z 


as be impossi sibl to keep any ny practical 
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should be used for comparison with results obtained with other filters, 4 

the small number of bacteria found in the filtered water should be 

duly taken into consideration, as well as the percentages of reduction. le ii 

a 

— 

— 

— 

— 

Apr. 13 | 10 | 11 | 140 | > 

“ i 

— 

} 

March 20th to 25th.| — 

Sulphate of alumina of low grade, containing 17.58% of ie 

44 4 


filter ig medium, or water which had been exposed to the atmosphere, E 


= 
The « disadvantage under ‘which ¢ the filter hes been 


accordance with the supposition that a few bacteria may, at times, 


| Growi in a filter and d be carried through | it during t the process of filtra- 
tion. ion, These few bacteria weald, ordinary practice, be counted 
4 among others found, if there v w rere such, in the filtered — <7 


might ht not appreciably affe affect the per reentage of redu uction, i 
their number ‘Seng relatively very small in comparison: “with the 
number in the raw water. “If, however, the number ¢ of bacteria that 
i grew i in the filter was the same, and there sh ‘should be 200 or 300 per 
* cubic c centimeter, for instance, in the raw water, instead of 2 2 000, the 7 
“percentage of reduction n might be affected consid erably, as the small 
_ number that grew in the filter might be bear an appreciable proportion to ae 


200 or 300 in the raw water, q 


7 aoa. The cost of operating the filter since » it was first put in service has — 
q been practically the ¢ cont of the sulphate of alumina used, as no y addi- 


: tional labor has been required, other than that already employed at the 


7 < pumping station. The cos cost of operating, therefore, based u upon 1 grain 
 ~per gallon, and, considering tl the best grade of sulphate of alumina used 


during the test, would be $2. 15 per 1 000 000 galls. 0 of water filtered. _ 
a 4 The total cost of the filter plant (shown on on Plate IV) is estimated 
to be about $11 500. the three additional filters, for which the 


4 filter house was designe ed, should be ‘added, as has been mentioned — a 


op prev iously, at the same cost per filter as the one which has s been in 
stalled, the cost of the completed plant, representing capacity | of 
~ 2.000 000 galls. per 24 hours, would be about $21 000, or at the rate of 

$10500 per 1000000 galls, 
_ The East Prov idence Water Company is is: more than satisfied with 


the filter plant, and the customers of the co company are much pleased ‘ 
with the: water, the of which is practically th 
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“DISCUSSION ON TEST OF A MECHANICAL FILTER. 


Ss. TLLIAMS, Assoc. 


- would be interesting to learn whether the samples for palo were 
taken from the filtered- water well shown in Fig. 2 of Plate IV, or 
a tap above the floor. Judging from the illustration it seems 
bendly probable engl if taken from the latter | they would represent — 


7 : taken from the well it does not seem possible that mai can represent — 
“ conditions for any great length time. 
_ Many know the ease with which dust and filth, not to ‘mention — 
liquids, will pass through timber floors. From the drawings or the 4 
description of the plant, there does not appear to be any provision 
made for preventing the passage of such accumulations, as well as — 
the coagulant th that signe be ‘Spilled upon. the floor, through i into the 
filtered water. 
: an point has been really overlooked, but if it has, the filtration of this | 
_ supply must be one of the greatest farces of which we have had a 
record, however well: satisfied the consumers may be with the water 


GeEorGE W. Assoc. M. Am. Soc. C. E.—This paper is an er. Fuller. 


; interesting one, in that it adds to the meager date now available — 
with re reference to the purification, by this method , of waters which are 
soft and also at times quite highly colored. a Owing to the fact that the Zz 
views of water-works men are not well crystallized as to the best 
method of treatment for waters of this type, th the subject is an import- 7 
a ‘In connection with the results of this test, as as presented - in the 
‘paper, there are a number of points upon which it is desired to a 
Color of the Raw Water.—One of the most important lines of siiniie. 
tion, from a practical standpoint, in connection with the purification of © 
water of this type, is to have arehable record of the color which it con- 
_ tains, due to organic matters dissolved in it. These data are as requi- E 
site for water of this class as are records of turbidity and amounts of | 
_ suspended matter in the silt and clay-bearing waters of Western rivers. — 
With this method of purification, color records bear directly upon 
the amount of sulphate of alumina required; the margin of alkalinity; — 
‘the required provisions for coagulation and subsidence; and the per- | 
as war The paper does not t state the method by ° which the recorded results 
were obtained; but, in a a pamphlet ; issued recently by the New York 
Filter Manufacturing on this same subject, it is noted thatthe 
color results were obtained by the Nesslerized ammonia scale. The 
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ON TEST OF A MECHANICAL FILTER 
Mr. ‘Fuller. speaker that use ont this scale is unfortunate for this line of 
ss work, for the reason that it is not a,progressive one, and that the _ 


amounts of for successive tenths on this scale are quite variable, 


at several places, and was FitzGerald, 
President, Am. Soc. C. E., in the 1893 report of the Boston Water _ 

- Board. 2 For this line of work the platinum-cobalt standard is much a 
4 
more desirable for - yielding data of practical value. A comparison of | 
the two color scales, according to Mr. FitzGerald, is as follows: a 


Nesslerized Ammonia Scale. ..... ..0.10, 0.20, 0.30, 0.40, 0,50, 0.60, 0.70, 0.80, 0.90, 1.00 
-0.18, 0.26, 0.88, 0.89, 0.46, 0.52, 0.58, 0,68, 0.70, 0.81 


From this table it is seen | that ‘according to the more consistent — 


platinum scale the recorded results for the raw are too high, and 
= the filtered water they aretoolow. = 
As color ‘refers properly only to dissolv ed matters, the results 
would also be abnormally high in the raw water if it possessed tur. 
which was not removed prior to reading. 
Relations between Color and Required Sulphate of Alumina.—The avail- 
« evidence indicates that, when the raw water contains ‘more 
than is ; removed w with the use of 0. 75 to 1.00 | grain of sulphate of 
4 alumina per gallon, it is necessary to add this chemical in the approxi- rs, 
_ mate ratio of about 2 grains per gallon for 1 part of color in the wap 
water when the latter is expressed on the platinumscale. Sulphate of 


a alumina in this case would be the ordinary grade, containing approxi- 4 
q mately 17% of alumina soluble in water, or having about 80% of the = 
strength of the grade used in the East Providence test. 

[ne Keeping in mind the relationship expressed above, there are found, 

_ upon studying the data a recorded i in this test, two points upon which | 
the speaker would pleased obtain further information, as 
1, As the amount of coagulating chemical was applied to the raw _ 
water regardless of whether the latter contained 0.3 or 1.0 part of 
7 color on the Nessler scale, the indications a are that ‘there was om 
siderable waste of chemical in the former instance. 
_ 2. The practically complete removal of color when it was s highest 2 
in the raw water by 1 grain of sulphate of alumina appears to be 

Bie out of line with what little evidence there is available upon — 

Alkalinity. —Here again the paper does not state by what method 

the analytical results were obtained, but from a recent article in The i 

_ Engineering Record it is learned that they were obtained with the aid 

of methyl orange as an indicator. < This procedure, as ; applied to this 


: - particular test, is a very questionable one, in that this method, even 
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— 
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a the composition of the indicator used is such as to make it as Mr. Fuller. 
sensitive as possible, is incapable of showing the presence of unde- _—- 
composed sulphate of alumina in the- filtered water. In fact, 7 
_ experience shows that if the filtered water should contain several | 
grains per gallon of undecomposed "coagulating chemical it is quite 
cecal that with this indicator the filtered water would be recorded — 
as slightly alkaline, notwithstanding the fact that it would alll 
markedly acid if properly tested by reliable indicators, such as lack- 


> With the grade of sulphate of alumina used in this | test it is 
_ probable that on an average about 9 parts of alkalinity are required 4 


now to the table of alkalinity results as recorded in this paper, it is” 
noted that for a] period of several weeks the 1 raw W ater ordinarily con- - 
_ tained rather less than this required amount when treated with 1_ 
"grain. _ From this evidence it would appear very probable that the © 
filtered water contained undecomposed sulphate of alumina in small — 
‘amounts with considerable regularity at that time. 
Relation between Color and Alkalinity of Raw Water. —In co connection © 
with the purification of water of this type, it is of especial importance — 
to ascertain the minimum alkalinity of the raw water and the color 
which it possesses at such times, and also the amount of alkalinity at 
- times when the water is colored most highly. By this means s alone 
can it be foretold definitely what the probable chances are of meeting — 
the inadmissible state of affairs of having undecomposed coagulating — 
chemic al in . the filtered water, and whether or not it is necessary at 
times to resort to the p practice of making , applic ations of alkali to the 
At East Providence the data are very meager in this respect, as 
_ they are in almost every other instance of soft, oceans waters, ee 
Chemical Results. —The principal point in with | the 
results of the ordinary chemical analyses of water before and after 
a filtration is the reduction of the nitrogen in the forms of free and 
_ albuminoid ammonia, which, as found elsew here, is seen to be quite 
3 marked; and leaving in all probability - only ‘such « organic matter in | 


the filtered water as is so stable in its composition that it has ‘prac- 
tically no significance from a hygienic standpoint. 


a reduction in the total solids and in the ferric and aluminic ; 
Se oxides i is s explained normally by the removal of the silt: and « organic 


“a matter of the raw water. Concerning the determination of aluminic — - 


? oxide, there is very little reason to believe that it throws light —_ 
hor presence of undecomposed chemical in the effluent. = 
other determinations, as recorded, ought not to show any 


in the results between te raw filtered water. 
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DISCUSSION ON TEST OF A MECHANICAL FILTER, 
. “4 Mr. Fuller. increase in total hardness is abnormal, as ordinarily the reduction in — 

ens _ carbonate hardness corresponds exactly to the increase in sulphate - 


the filtered very low indeed, “as judged by evidence from 
other ne plants, and this is of course engheinnd, very fully 7 the | 


the reaction of the culture n modinee which was used, and also the om 
perature at which the bacteria were cultivated. = 
_ Growths of Bacteria.—From page 78 one would gather the idea that 
is suggested that growths of bacteria within the filter might explain 
in part the presence of some of the y very few bacteria which the filtered s 


= used. “at this connection, the speaker would like to inquire as to os 


water contained. The evidence indicates that this idea, in connection 
_ with the East Providence results, has very little to substantiate it, for 
following principal reasons : ris” a 
‘The opportunities for growth in in the sand layer of a mechanical 

: 2.4 filter : are very much less than in the s sand layer of an English filter, 
because, ordinarily, the former is washed and agitated at least oncea — 


to the sand grains, and omeiiaie those bacteria which are most oneal 


4 ably located with reference to food supply. 

2. While it is true that the bacterial results of the effluents of met 

lish filters frequently show to quite a marked degree the results of 

4 bacterial growth within the sand layer, the fact that in this particular” 

_ mechanical filter the rate of filtration was s something like 50 times as 

great as is ordinarily the case in English filters) would cause such 

- dilution of the few bacteria which might possibly grow on the sand, 

that it would appear to cause this factor to drop out of comparative _ 

‘significance i in the connection in which it is used. 

i Wash Water. —The records of this test, as given in the paper, contain 

no statement with reference to the frequency of washing the sand — 

_ layer, and the amount of water required for that purpose. Thisis an 
important matter in the test of a mechanical filter, and especially so 
where it is used | with a fairly high-colored water, and in which there — 

is prov ided only 17 minutes’ time as san avi erage period of ‘coagulation <5 

and subsidence prior to the entrance of the water into the filter proper. — 

_ The speaker would like to inquire if there are any data upon this tonal 

_ Automatic Controller.—The automatic controller described is one of 

the most interesting features of the plant from a mechanical stand- 

pelat, and it woud be interesting to know what head it requires for 
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it was at the end of the run, where it is recorded that the variations in 
— the rate were less than one-half of 1 per cent. 


‘DISCUSSION ON TOT OF MOCHAMICAL 
as Cost of Operation.—It would s seem that in this connection the item of Mr. Fuller. a 
wash water should appear. Obviously it had some value as applied 
ou under pressure at the bottom of the sand layer in connection with the | 
: With a filter of this type the cost of labor, in efficient operation, is _ 
a ordinarily a considerable item. _ Although no additional labor may — b 
o, required in this particular instance, it would seem only reasonable that — 
5. “there should be a pro rata charge against this item, as the filter plant 
doubtless increases: materially the ‘amount unt of work work for the 


E. SHERMAN Gour, M. Am. Boe. C. E.— _The question of filtration ur. Gould. 
water is becoming very important one, upon which no hydraulic 
F engineer at present can afford to be uninformed. _ The speaker has 
_ been very much interested in this paper and in Mr. Fuller’s remarks, if 
_ and he thinks there are a number of points which could, with great — 
interest, be elucidated in regard to this question. Ask between the 
5 slow, sand filtration and mechanical filtration, the prevailing: idea seems pe 
to be that the former is preferable; that that is the standard method = 
; of filtration. But the great area which is required for the filtration of 
3 large supply of of water, and the necessity which seems to exist in the 
climate of the greater part of the United States for c covering these — * 


filters, makes the proposition somewhat formidable. If anything» 
quicker, smaller and cheaper can be devised, it will be a very great 

Es benefit, and, as far as the speaker can judge from his reading of what af 
is going on throughout the country, mechanical al filtration s seems a 

4 coming very much into prominence on this very account. In recent 
reports by a very high authority, upon the filtration of certain pe of 
to which the speaker’s attention has been called, it is stated that r' i 

x exactly the same purification would be obtained whichev er system i 

os ~ Tf that can be established as a fact, the mechanical sy ystem of 


filtration certainly has much to recommend it. = ae | 
tag speaker would like to be informed on one point which would | 


seem to constitute a possible superiority of the mechanical filter. pi 
* Although, in the slow sand filtration, by far the greater part of the 
purification is ‘effected on the upper. quarter- inch or half-inch of ~~ 

- fine sand, and in the gelatinous film which is formed by the water itself, - 

- that the lower courses of the filter, the coarser sand, the gravel, the coarse A a 
gravel, and through all the gradations, do exercise some refining and aS 

_ purifying influence on the water. _ Therefore, if those beds toward the — 

bottom filter the water to some extent, they must retain some of ite ny 
§ impurities. — _ Now, as far as the speaker knows, the cleaning of a sand * 2 
. filter is limited entirely to the removal of the upper quarter-inch, half- ah 
inch, or inch, or whatever it may be, of the top surface, and he has 
: not yet seen any account of the removal, clearing and replacing ‘of the’ 

“entire: filtering material, whether it be 3, 3} or 4 ft. deep. If all the — 
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DISCUSSION “TEST OF “MECHANICAL FILTER, 


‘it would seem that: all the material “should | 
occasionally. But, the mechanical filter” is washed, all the 
7 ae is washed; the whole filter from top to bottom is cleaned, 
; on that might be a point of superiority. Is the period during which 
a sand filter bed is laid off for the purpose of having the surface — 
scraped long g enough to accomplish the purification « of the rest of the 
- filter by aeration? Has it ever been found necessary in sand filters to \ 
remove occasionally the entire material and clean it? If so, it must 


increase greatly the cost of operation and maintenance. 


Mr. Currier. CHARLES G. Currier, Assoc. Am. ‘Soe. C. E.—Filtration of water ¢ on 
4 a large scale is gradually becoming a necessity for various of our com- 
and the skilled hydrologist knows how to recognize this 

better than politicians. Many a supply, which appears excellent. 
those who judge merely by the clearness, the taste, the color, and» y 
even by the results of chemical testing of a few samples, is regularly Be 
or irregularly a means of bringing disease to a varying proportion of _ 
those who drink it; while a supply may be highly colored and contain _ 
much impurity ’ and still be harmless, as, for instance, that fromthe 
«Dismal Swamp,” which years of experience have shown to be whole- a: 
- some. . The Croton water-shed yields an excellent water if we judge _ 
it by the mortality statistics of New | York City, although it seems a 
“4 ‘somewhat bad at “times to citizens or visitors who happen to see see ae 
vegetable detritus which appears at certain seasons. wan 
So, too, an expert would condemn it if any considerable area of the + 
3 water-shed was so much like a sewer and receptacle for refuse as the ; 
7 tributary stream which flows through Brew ysters, The beneficent pro- 

4 cesses of Nature, operative during the interval after the w ater leaves” 
_ this region of fouling and in storage and flowing gently | onward dilu- ae 
7 ted by more wholesome water, serve to minimize greatly the ag 
eoming from contamination there. Yet sanitary engineering work 
_ needed there and elsewhere, and public filtration of the entire | Croton © a 
_ supply would make it more satisfactory, although other cities a 


try. than the ‘merit of clarityi ing ng water and producing 


been introduced i in 1856, extensive new beds were constructed in 1888, 


as the pipes. At that time the 
oped Koch nutrient-gelatine method of testing for bacteria was ced 
and soon revealed the fact that such filters, when working properly, — 
the great merit merit of holding back almost all 


some chemical improvement in it. _ At Berlin, where this method = 


a 
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DISCUSSION ON “TEST OF A MECHANICAL FILTER. = 


_ besides all visible impurities which abounded in the crude supply. Mr. Ounster, AS 


is This admirable result was found to be due to the dense film of minute 
 yegetation, silt and other fine sediment which is caused to settle > 


E upon the top of the freshly cleaned upper layer of fine sand before > : 
Ww ater is allowed to filter through. Some chemical improvement 

glso takes place especially in the upper portion as the water passes 

through, though Frankland classes this as ‘‘slight,” and, from the 

4 point of view of disease-prevention, this is wholly unimportant as COMm-— 

_ ~pared with the practically complete arrest of any bacteria capable of 

| inducing typhoid fever or other water-borne d disease. * 

iy It should be stated that— —despite a a number of special methods: for 

| ge F isolating typhoid bacteria—it is nowadays not regarded as practica- 
ble, regularly, to detect these bacteria in water; and the advertisers — 

ag who, after examination of a given sample of water, assure people that — 

| “a their supply is free: from the germs of ty yphoid, ought not to be relied 

ee “tai with the very few varieties of domestic filters, such as s the ‘ “ ‘<Berke- 7h, 


feld” ond the ‘‘ Pasteur,” which are capable of rendering a water 

free, so with all other filters for rendering water fit to drink, the 

af essential quality is the 1 mechanical straining action produced by 
fF dense obstacle between the crude supply and the wholesome effluent. - 4 “ 

In sand filters the continuous surface film must, as above indicated, % aa ; 


produced and maintained perfect and unbroken. Otherwise, the 

product is unfit for use in case there be any. disease g germs in the crude ' 

For mechanical ”’ filters, in all of which, likethat described 
by Mr. W eston, the water flows through a relatively small bed of sand _ 

fifty to sixty times as fast as is the safe rule with the slow, gravity — 
sand beds, and which h are cl cleansed and renew thei ir films many times, 

lok the slow filters are making a a single rt run of days or we weeks, itis 
-“ecessary to add a suitable coagulent, such as iron salts, or, more aoe. : 

_ monly, alum sulphate. One part of this latter salt, or even a little | 


ae — more, to 10) 000 parts of crude water is usually added during the 
bat - eatire flow, and, to insure a satisfactory film, most operatives add con a * 


siderably more than this to the first water let in at the beginning a after 
each w ashing. In reply to the question as to whether the very minute : 
amount of undecomposed alum, which is present in the effluent of a 7 
successfully managed mechanical filter, is any way detrimental to 4 
health, or objectionable in any industry, it m may be said that no suffi- — 

cient evidence can be adduced } agent the careful use of alum in this >. 


In testing numbers of. different makes of under 


3, 

4 cis, 

im 

| 

ay 

im 

© vary considerably in efficiency. When they were well managed and 

overworked they were found capable of yielding results compar- 
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DISCUSSION ON TEST OF MBONAMICAL FILTER. 
Mr. Currier. able with those of the best slow ‘gravity sand beds. But altogether 

too often the « operatives are are > careless, ev even if the plant be ‘adequate and 
= appointments good. _ When not at their best they are inferior to _ 
_ good gravity beds. W hen yielding regularly such an excellent efflu- _ 
ent as is cnmeeeatiad by Mr. Weston’s figures, even though the cost of ee 
- operating be considerably greater than he indicates, ‘they would be a 
preferable to the large, , slow sand-bed filters in places where suitable 
— for the latter type is not available, or where fine sand of the _ 
right sort is not readily obtainable at moderate cost. The usually af 
lesser first cost of the plant, as compared with that of the large, slow 

beds, when well constructed, is an influencing el element. Against them 

be urged that their constant efficienc depends too much upon 
_ the persons operating them, and that defects in the hygienic quality of ie 
effluent cannot be detected until that has got beyond reach in 


— 


_ general reservoir, if not already consumed. - For each properly con- 
structed slow “gravity bed, on the other hand, separa ate storage basins rs I 
_ are now in favor, and these can retain the 1e effluent of a given filter bed : 
until the usual test has shown whether the water is to be used or © 
As! Mr. Fuller has remarked, the i increase of one- fifth in hardness” 
_ shown in the p paper is ‘contrary | to the rule and must depend « on some ee 
Base not explained therein. The extent of bacteriological purifiea- a 


e. tion is notable. In answer to we of the queries it is proper to state ¥ 
es _ that the very competent gentleman who tested for bacteria, in all prob- x3 
ability used | the familiar ] Koch’s gelatine culture test, and his experi. 
a ence and reliability should cause one to give full credence to his F 


‘report. . When for three months of constant practical use of the filter — 


the effluent reveals to this test less than ten bacteria for every ‘thousand — a 

which were in the crude water, that isa very good showing. Yet the 

; 7 _ best slow gravity beds would be likely to show less fluctuation than is es Ps 
ev ident from the latter half of Table No. 3 and in Table No. 5 5 (May lst § 
to 6th). It is fair to assume that this same filter would have developed ra : 

+. still higher ratio of efficiency if in the same crude water the number iy - 

a = bacteria had been as high as occurs in some other unfiltered waters. a 
Inc considering water-filtration results, , too much relative ‘import- 4 

“ance is still attached to the chemical purification. The presence of 
ammonia in the filtrate does not in itself mean any menace to — is = 


wholesomeness. Good distilled water may show a far greater propor- — 
tion of this than occurs i in any natural ‘supply. * too, near the sea 
3 coast or in ‘a saline re region chlorine i is to be expec ted in water supplies — 
to a degree in excess of the average amount elsewhere. But it . Sq 
hygienically of absolutely no importance that this is found to be a 
reduced 1% or even much more in the effluent of this or other excel- 
rs working filters. If the iron is lessened three-fifths and the color 
y) and tl the 


a 


“more than four-fifths (tested in any constant, acceptable w way 
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DISCUSSION ON TEST OF A MECHANICAL FILTER. 


r. Cu irrier. 


is nevertheless of importance, is the immense 
- gmount of bacteria kept out of the purified supply by the best filters, — 
with which any chance germs are also held back 


with the germs of typhoid fever and other and yet 
‘deve a relatively low number of bacteria of all kinds. It is not wil 

itself the mere quantity so much as the nature of the bacteria present _ - 
which makes the element of positive danger - in a drinking 1 water. 
— the separation of practically all the bacteria of a bad or ques- 
= _ tionable water supply means also the removal of all germs of disease, — 
that should be the ideal and practical result always aimed at. If with Lo 
this exceptional | degree of chemical purifics ation is achieved, 80 
the | better. Inasmuch as the nutrient-gelatine | ‘culture test 


¢ 


ea ; simple and easy to carry out by careful people, even if they be not 4 
at all familiar with laboratory technique, that valuable test should 7 
be used regularly in a uniform: in 1 connection with the operation 

g Epuunp B. Weston, M. Am . Soe. C. E. (by letter).—The writer mr. Westen. 


has read Mr. Fuller’s discussion with a great deal of interest. Se 


"The color data given in Table No. 3, ,from March 13th to | 18th, . 
= (5 days), as originally furnished the writer, were incorrect. 


Instead of 0.30 for the raw water and 0.06 for the filtered water, the _ 


figures for the 5 days should for the raw water, and 0. 10 for * 

Aa) The w riter, of course, did not propose to do chemical work in - 
regard to the subject in hand. As to chemical matters, he is aware that 
different chemists sometimes hold different views on a given subject. 

The chemical | work was 1 referred to Professor J John H. Appleton, 

of Brown Univer ersity, a gentleman whose age, long experience and 


— 


conservative entitle his opinions to great weight; and the 
: writer still feels entire confidence in the analytical work, and the | 
opinions expressed by Professor Appleton i in in the chemical questions — 
involv ed i in this discussion, 
Color of the Raw Water. —Mr. Fuller remarks that the } paper “ 
not state the method by which the recorded results” ” on color were . 
obtained. They were obtained by the platinum- cobalt method. ant. * 
: Mr. Fuller remarks that “in a pamphlet issued recently by the 
New York Filter Manufacturing Company * it is noted that 
the color results were obtained by the Nesslerized ammonia scale.” 
Fuller misunderstands the pamphlet. The pamphlet states 
‘the unit of color” is; but does not state the “method.” The — 
‘platinum- cobalt method was } used, but the unit of color of this method © 


4 

1 

if 

4 


~ 


aaa of « ammonia gas (or its equivalent).” 
= _ that Mr. Fuller’s inferences with respect to the color data are not in 


bacteria, and the : results of the Prov test how the 


of containing one- hundredth of a mili. 
It appears, therefore, 4 


accord with the facts; 


x. Relation between Color and Required Sulphate of Alumina.—Tt was 
“desired, if the alkalinity of the water would permit, to obtain 
bacterial removal of at least 99% without regard to the quantity of - 
sulphate of alumina used. It was found that 1 grain of sulphate of _ 
: alumina per gallon would do this without rendering the filtered water _ 
and | it) was also found t that when of a was used, _the 


As to Mr. F uller’ 8 e that there was a considerable waste of 

_ chemical at times, ‘Mr. Fuller probably intended the statement hee: 

taken ina relative sense, as the whole amount of ‘sulphate | of 

= alumina used daily was not considerable, averaging less than 28 lbs., 

the daily cost being about 46 cents. 

_ Itshould be remembered that the filter was in practical service 

- during the test, and was not being run as a laboratory experiment; 

- andas the bacterial ren moval averaged more than 99%, a and the color 

of the filtered water was hardly distinguishable from freshly. distilled 

water, and was suffic iently alkaline to show that the quantity of 

_ sulphate of alumina was being kept within the proper limit, it would _ 

hardly have be been prac ticable, even if if a small quantity of the salah 
could have been saved, to have made, ‘from time to time, minute 

- changes in its amount, as the cost of the labor of doing so would have — 

“q been of much more account than the cont of the sulphate of alumina 

which might have been saved. ‘Then, if this refinement had been 

gone into, and an ‘experienced person had been employ red to have 


continually kept the run of the alkalinity of the water, the expense _ 
would have been many times greater than the cost of the whole of the | 
sulphate of alumina 
"i It would appear as though Mr. Fuller’s inferences f from his a expert: 
— ence with the water of western rivers would not apply to river w sas sai 
in the vicinity of Providence. 
During the Providence filtration in in 1008 and 1894, it 
_ was demonstrated that the percentage of color removed from the raw ; 
1 ‘water could not be relied upon as a gauge, in respect to ) the removal fa 


to be the ease. eal 


Mr. Weston. is 

Fr 

a bed 

— 

= 

lite 

iti 

water, 

a 7 _ desire was to remove at least 997% of the bacteria from tne raw er, os 

provided that it could be done without exhausting the alkalinity 

— ; _ the water and causing the filtered water to be acid, the impor 

— 


DISCUSSION (oN ‘TEST or A MECHANICAL FILTE 
- of the remov va of the color from the raw water being regarded as Mr. Weston. 


A 


* As the bacterial results for eac h day were not known until ‘about five a 


days afterward, on account of the time required for cultivation, it~ 


would not have been possible: to have ga gauged accurately the quantity 


of sulphate of alumina, more or less, which might have been the most _ = 
advantageous to have used each day; therefore, as experience had _ 
_ shown that bi of a om of ng of alumina | would n not produce | an 


4 grain was used, it was thensht that the constant use of 1 grain per 
_ gallon was the most satisfactory method of applying the sulphate. a 
Se Alkalinity.—Mr. Fuller makes a considerale body of comments on © 
the alkalinity of East Pr . The writer discusses usses these 
comments briefly: ae 


The alkalinity determinations were as follows: two portions, 
each of 500 c. ¢., , of the water were placed in flat white porcelaintrays __ 


y 


; side by side. To each sample, 5c. c. of solution of methyl orange tm ie 
, was added. First one sample and then the other was titrated with a 
a standard sulphuric acid, the acid being so 0 prepared that each cubic — =| 
would neutralize 1 part per million of calcium car- 
onate in 500 c. c. of water. (The sulphuric acid solution was stan- 


; a dardized by pure sodium carbonate; then its value i inc calcium carbonate — 5 


Mr. Fuller objects ‘to methyl orange as an indicator. The writer 
—_ rely on Professor Appleton’s statement that methyl orange is,in 7 
fact, a sensitive indicator for for acid and alkali, that it is’ widely used for 
“this ‘purpose, | and is recommended by high authorities on water — 
Indeed, it was used during the elaborate filtration experi- 
ments conducted under the direction of Allen Hazen, Assoc. M. Am. 
Soe. C. E., at Pittsburg, Pa.; and Mr. Hazen appears to have a 
entirely satisfied with the reliability o of the alkalinity Goterminstions — 
oa From certain experiments made « elsewhere by Mr. Fuller, he forms | 
- the opinion that the filtered East Providence water, during a portion — : 
a of the test, must necessarily have been acid. But this is an opinion. - ~*~ af 
the re result of actual tests, the filtered water was. alkaline. Thati is, 


considerable quantity of the standard sulphuric acid was. necessary to 


Mr. Fuller states that , in his opinion, a filtered water might “ con- - 
tain several grains per gallon of undecomposed ” sulphate of yong 
and yet that such water might be slightly alkaline to methyl | orange. 

In the East Providence filtered water there could not possibly have 
e been several grains per gallon of undecomposed sulphate of alumina, 
since not more than 1 grain was added to the raw water. 
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"DISCUSSION ON TEST OF A MECHANICAL FILTER, 
Mr. Weston. Chemical Results.—Mr. Fuller appears to represent that the analyti- 

eal ‘determinations of alumina, AL, 905; in the raw and t the ‘filtered 

7 waters are of little account. The writer holds the opposite view. He 
‘ thinks them of considerable importance. They certainly show that in 
_ all cases the amount of alumina, Al, O,, in the filtered water was very a _. 
small. It varied from about 0. 02 to ab about 0.06 of a grain per gallon. 
nl ij But the 1 grain n of sulphate of alumina added in the coagulant con- i, 


oa tained 0.22 of a grain of alumina, Al,O,. It is plain, therefore, that at 
least a considerable part of the alumina, Al,O,, contained in the sul-_ 


_ phate of alumina applied, was removed by the process of filtration. 
Then, again, the analytical ‘determinations show that there was 
) - average of 38% less alumina, in the filtered water, than in the 1 raw , 
7 ns _ water before the sulphate of alumina was added to it. The writer a 
~ eonsiders these interesting andimportant facts. 
Bacterial Resuilts.— —The culture medium used was 10% and 
the reaction was. slightly alkaline. The bacteria were cultivated at 
ss the average refrigerator temperature, the temperature of the labora- 


Growths of Bacteria. —The writer fears that he did not make his-pos- 
> _ sible solution sufficiently clear, and that Mr. Fuller has interpreted — 
4 his intent rather too broadly. _ It oe occurred to the w riter, upon three 


or four occasions when the number of the bacteria i in the filtered water — 


had increased in a much greater proportion than those in the raw 

7 water, that it pert have been due to a few bacteria growing in the — |. 
filter. It not his intention, by any manner of means. to even = J 
suggest the tas bacteria ordinarily propagate i in mechanical 

4 filters as they doin slow sand filters, 


hy a a. Wash Water.—From records kept during March, April and May, 
; _ while 1 grain of sulphate of alumina, containing about 22% of 
7 Al, O,, was being used, the average length of the runs of the filter, 
= 
= is the period between washings, is shown to have been about < 
6.6 hours; the range being from about 5 to about 9 hours. ey ae sy 
During these runs, the height of the surface of the water in the 
4 filter (which remains practically constant), was: about 10 10.85 ft. above 
the surface of the water in the controller. The operating head, or 
i head consumed during the process of filtration, was about 10.25 ft., 
- namely: the difference between the level of the water surface. in ma 
filter and the elevation of the water (corresponding to the head upon — 
the inlet pipe of the controller), a above the surfac e of the water in eth 


being washed. Immediately after at the commencement of 
_ a run, about 2.92 ft. of the operating head was lost by friction, due 
“a” to the water passing through the clean filter- bed, screens and outlet — 


a " On ‘account of the desirability of supplying the raw water to the 
— 
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ON TEST OF 4 MECHAMTOAL PILTER. 
filter by gravity, the filter was made only 12 ft. high, which is 4 ft. less Mr. Weston, 
than the standard height of filters of the Jewell gravity type, of the 
capacity installed at East Providence. the filter had been 16 ft. 
high, the standard height, the operating head would have been 4 ft. 
_ more than 10.25 ft., and, consequently, as the greater the operating : 
head, other things being equal, the longer a filter will run, the average ; 
g ne washings would have be been longer than 6.6 6 
_ As the filtered w ater is being pumped constantly from the filtered- 
aie well into the mains, it would be inconvenient to measure the | 
amount of wash water used each . time the filter is is | washed. From ~ 
4 ‘several measurements which have been made, howe ever, the indications ; 


Controller. —The head, during the test 


_ to by Mr. Fuller, was 9.35 ft., » and the head | upon the inlet pipe of the d 
i controller at the end of the test was equiv alent to a hi height of 1.5 ft. 
above the water surface of the controller. Ae Pi eee 
P The preliminary tests of the class of controllers used at East Provi- — 
re dence are made with heads ranging from 18 ft. above the surface of y+ 
he water in the controller as a maximum, to 0.33. ft. as a minimum. per = 7 
Cost of Operation. ~The wash | pump is driven by a water turbine | 
5 wheel, of much greater power than is necessary, w hich had been — 
_ installed for another purpose before the filter plant was contemplated, — 
‘3 _ and as the East Providence Water r Company owns the w ater privilege | - 
from which the water required to ‘operate the turbine derived, ‘the 
writer hardly thinks it would be adv isable for him to go to the expense a 
of indicating the power required to drive the pump, although, as a 
_ matter of scientific interest, he would like to know what it is. - He can — 
Z state, however, that a test, made about two ‘months S ago, show ed the J 
7 horse-p -power the water r pumped while washing the filter- 
bed to be about 14. The horse-power was computed by considering 
- the maximum quantity of water pumped per minute, the water pressure | 
at the discharge end of the pump, and the elevation of the pump above © 
the water in the filtered- water well. ‘if the filter had been 16 ft. high 
nstead of 12 f{t., the other conditions being equal, the horse- 
The pumping engineer, hasc harge of the filter plant, estimates 
_ that the cost of the labor required for taking care of it is about $0.50 7 
iM per day y. As the writer has already stated in the: paper, no additional 
labor, other than that which was employ ed before the filter plant was 
built, is required to take care of the filter plant. This $0.50, consid-— 
ering the present consumption of about 200 000 galls. would equal, 
: proportionately, $2.50 per 1000 000 galls. Of course the cost per 
1000 000 galls. “would be proportionately reduced if the filter was 
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DISCUSSION ON TEST oF ‘A MECHANICA a 

“a galls., , and dit would be very much less per 1 1 000 000 galls, = 7 

~ other filters, for which the filter building was designed, were re installed, > é 


= reply to Mr. Gould—the general practice in England appears 
to be, after the repeated scrapings of a filter-bed have reduced its 4 

- depth to the minimum limit, to dig off the old sand in sections above i 
, the gravel and replace it with a layer of fresh or washed sand, the old | @ 
sand then being filled in upon the clean sand. 


_ The advantage of being able to sterilize the filter- beds of mechani- = 
g 4 


cal filters, the writer considers to be of much importance. 
‘The writer s appreciates highly the thorough manner in which Dr. 
= Currier has treated the subject in his carefully prepared and Saleen 


tivediseussion, 


All processes of filtration, to be successful, must have intelligent 
supervision. Professor Percy Frankland, whose connection with the 
; %, ~ London water companies is well known, states, in regard to slow sand - 


But the h we have seen attaches to this treat 

ment of water cannot be exaggerated, for whilst when efficiently pur- _ 

ue sued it forms a most important barrier to the dissemination of disease — 

? germs, the slightest imperfection in its manipulation is a constant E 


Professor William P. Mason, of Troy, N. Y., stated, in regard to 

“A filter, of whatever type, is a more delicate piece of epoca. 
pte is generally recognized, and it requires constant attention of the = 
on careful kind. In the mechanical form of filter, this care must, = - 

of necessity, be constantly forthcoming, or the filter would not run a 
- day; the English bed, on the other hand, may be, and to my knowledge | 4 


“at times grossly neglected, and that too ‘where the 


4 supply would seem to call for more attentive supervision. 
4 The samples of filtered water, to which Mr. Williams refers, were 
taken from the controller a and not from the well, 
& ei It would seem, by the somewhat eccentric language | used - Mr. a 2 

Ww illiams, that he has derived considerable satisfaction, in ‘deewing 
* from a small outline sketch some rather humorous inferences in regard 
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